Infection of mamm~.lian cells with agents of the adenovirus group elicits production of at least three major soluble antigens. These proteins have been separated on the basis of their immunological, biological, and physiochemical properties into: (a) a group-specific antigen common to all adenovirus types; (b) a type-specific antigen unique for each type; and (c) a toxin-like material which also possesses group specificity (1, 2). The exact role of the soluble antigens in the virus synthetic process has been under investigation. Indirect evidence suggests that the soluble antigens represent virus-structural protein subunits produced in large excess of the amount utilized for synthesis of infectious virus (3, 4). A rigorous confirmation of this hypothesis requires evidence that the virus particle contains antigens which are identical with the soluble antigens. I t is the purpose of this communication to present data which indicate that the antigens of type 5 adenovirus particles are immunologically and physically identical with the soluble antigens produced in mammalian cells infected by this agent.
model L preparative centrifuge. The resultant supernatant fluid, hereafter referred to as crude virus, was stored at -28°C until used (2) .
Virus Infectivity and Toxin Titrations.--Infectivity and toxin assays were carried out in tube cultures of HeLa ceils using two cultures per virus or toxin dilution. For infectivity titrations 10 -°'5 (1:3.2) dilution increments were employed. For convenience, final cytopathie effects were scored 7 days after infection (titers obtained were 1.0 to 1.5 log units lower than when end-points were determined 14 days after inoculation or approximately 2.0 to 2.5 log units lower than when plaque assays are employed) (5) . Toxin titrations were performed by preparing 2-fold dilutions of the material in Hanks' balanced salt solution, and the end-point determined 6 hours after inoculation (2) .
Complement~Fixation Titrations.--Antigens were titrated by means of a standard technique employing 1.5 complete units of complement (6) and an antibody excess. Heat-inactivated (56°C for 30 minutes) specific rabbit antisera were employed. Veronal buffer containing 0.005 ~ MgC12 and 0.0015 ~ CaCI~ was used as diluent in all titrations. Titers are expressed as the highest dilution of antigen giving complete fixation of complement.
_Preparation of Antisera.--Rabbits were given three intramuscular injections of highly purified type-specific (E) or group-specific (L) antigen in Freund's adjuvant at weekly intervals followed a week later by an intraperitoneal injection of antigen without adjuvant. To prepare antibodies directed against uninfected cell antigens, rabbits were immunized with an homogenate of concentrated KB or HeLa cells plus Freund's adjuvant utilizing the same procedure. Animals were bled 12 days after the last injection. Sera were separated from blood clots by centrifugation, inactivated at 56°C for 30 minutes, and stored at -28°C.
Preparative Ultracentrifugation.--Equilibrium density gradient sedimentation was carried out in a Spinco model L centrifuge at 7°C, employing the SW 39 swinging bucket rotor. Either of two methods was employed: (a) 3 ml of concentrated virus suspension was mixed with 1.5 ml CsC1 solution (11.38 molal) and the mixture centrifuged at 32,000 Rim for 38 to 42 hours; or (b) A non-linear isodensity gradient was prepared by layering 1.5 ml of CsC1, density 1.3 gin/era a (2.97 molal) on 0.7 ml of CsC1, density 1.6 gm/cm 3 (5.94 molaf). Finally, 2.5 ml of virus suspension was carefully layered on the CsCI. This technique, described in detail by Trantman and Breese (7) required a centrifugation period of only 4 hours at 39,000 Ri~ to obtain a satisfactory concentration of virus into a single well defined band.
Radioisotopes and Techniques of Measurement.--Uniformly labeled CZ4-valine with a specific activity of 205 mc/mmole (Schwarz Laboratories Inc., Mount Vernon, New York) was added to cultures at time of infection to label the protein components of type 5 adenovirus. Carrierfree P~2-orthophosphate of high specific activity (Oak Ridge National Laboratory) was utilized in the same manner to label the virus nucleic acid. Duplicate samples were counted in a gas-flow windowless automatic counter. The number of disintegrations counted per sample was adjusted so that the counting error was less than 5 per cent.
RESULTS
Purification of Type 5 A denovirus.--A preparation of highly purified virus was regarded as the initial requirement for a study designed to investigate the antigenic structure of a virus. Based on the CsCI equilibrium density gradient sedimentation technique of Meselson, Stahl, and Vinograd (8), the following method was devised for purification of adenoviruses.
Crude type 5 virus in PBS was precipitated by the addition of chilled methanol to a final concentration of 30 per cent (v/v) (9) . The mixture was held at -25°C for 1 hour and the precipitate sedimented by a single cycle of eentrifugation at 1800 g for 30 minutes. The virus, which was precipitated quantitatively, was resuspended in distilled water to the desired volume. Two volumes of cold freon 1131 and one volume of virus suspension were mixed for 4 minutes in a Servall omnimixer (40 setting), and centrifuged at 1800 g for 20 minutes to yield an aqueous layer, a layer of coagulated debris, and a solvent layer. The aqueous layer was collected and the layer of debris was reextracted with 5 ml of PBS. The aqueous layers were pooled and extracted once again with two volumes of fresh freon 113. The procedures leading to the final aqueous extract did not result in detectable loss of infectious virus. Although this preparation exhibited a marked increase in specific activity (ID~0/#g protein) over the original starting material, it was not pure as evidenced by the presence of virus-specific and normal host cell complement-fixing antigens. Fro. 1. Equilibrium density gradient sedimentation of freon-treated type 5 adenovirus in cesium chloride. Freon-treated virus in 3.8 molal cesium chloride was centrifuged at 32,000 RPM in a SW 39 swinging bucket rotor for 40 hours at 7°C. Upon removal of the tubes from the centrifuge the banding pattern shown was visible in the gross. Buoyant density values were calculated from refractive indices obtained with an Abbe refractometer.
highest infectivity titer was 1.3349 gm/cm 3 (calculated from the refractive index). A less dense and more diffuse band, 2 to 3 mm above the virus band and extending 3 to 4 mm towards the top of the tube, contained soluble complement-fixing antigens and toxin. As is apparent from Fig. 2 , the maximum titer of group-specific (L), type-specific (E), and toxin antigen was found in precisely the same sample; the mean buoyant density of this fraction was 1.2832 gm/cm 3. 
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FIo. 2. Distribution of infectious virus and soluble antigens in a cesium chloride equilibrium density gradient after a single cycle of centrifugation of freon-treated type 5 adenovirus. Consecutive 2-drop samples, collected by piercing the bottoms of the centrifuge tubes, were diluted with 1 ml of PBS and assayed for infectious virus, toxin, and complement-fi~ing antigens. Type-specific (anti-E) and group-specific (anti-L) sera were employed to test specifically for the location within the gradient of the type-and group-specific antigens respectively.
As a final step in the virus purification procedure, designed to minimize the possibility of contamination of the virus band by soluble antigens, the virus band was collected, dialyzed against three changes of i00 volumes of PBS and submitted to a second cycle of centrifugation in CsC1. The resultant virus preparation (referred to hereafter as twice banded virus) was free from contamination with host cell or virus-specific soluble antigens. One may reduce the time required for purification by employing a non-linear isodensity gradient (7) for the first CsC1 centrifugation as described in the section on methods. primarily upon kinetic data rather than direct evidence. The following experiments were carried out to obtain definitive evidence on this critlcal point.
Purified virus was subjected to a third cycle of CsC1 linear density gradient centrifugation and its antigenic structure investigated. Soluble antigens were similarly purified by a third banding in a CsC1 linear gradient and studied immunologically. Each fraction collected after centrifngation was titrated for infectious virus and complement-fixing activity with an antiserum prepared against crude type 5 virus. The results of these titrations are shown in Fig. 3 . Following this preliminary assay, the fraction showing maximum infectivity and the fraction exhibiting the highest complement-fixation titer were tested separately for complement-fixing activity employing antigen-specific antisera prepared in rabbits by the injection of purified type-specific (E) and group-specific (L) soluble antigens derived from type 5 virus-infected Hela cells. The results of these titrations are shown in Table L It is apparent from an inspection of Fig. 3 that 3 times banded virus showed no evidence of contamination with soluble complement-fixing antigens. Highly purified virus did, however, exhibit some ability to fix complement with antisera made against crude preparations of homologous virus. Titration of these samples with antigen-specific antisera revealed that the so-called group-specific (L) antigen was the dominant surface antigen of purified adenovirus (Table I) ; purified virus preparations invariably contained lower titers of type-specific (E) antigen. In contrast, the CsC1 purified antigen preparations characteristically exhibited roughly equal titers of the E and L antigens. Infectious virus, probably as a constant contaminant from the wall of the tube, was This virus preparation had undergone 3 cycles of centrifugation in CsCI following freon extraction.
§ The soluble antigen mixture was separated from freon-extracted type 5 virus by CsC1 equilibrium density gradient sedimentation and was subsequently banded twice more in CsC1 prior to assay. present in low titers in the antigen band. Normal host cell antigen could not be detected in either purified virus or banded soluble antigen preparations.
Disruption of Purified (Twice Banded) Type 5 Adenovirus.--Efforts were
made to find a suitable method to disrupt purified virus into its component parts in order to investigate further the structure of the virus particle. The primary requirement of the technique to be employed was that the degradation procedure did not alter detectably the antigenic structure of the virus subunits.
Purified (freon-treated, twice banded in CsC1) virus was dialyzed against 0.1 ,J carbonatebicarbonate buffer at pH 10.5 for 4 days. During this procedure the slightly opalescent suspension became clear. Simultaneously, to serve as a control, an equal volume of purified virus was dialyzed against 0.1 ~ phosphate buffer, pH 7.2. This material retained its opalescense. Following dialysis the virus suspensions were submitted to equilibrium density gradient sedimentation in CsC1 for 40 hours at 32,000 ~. Fractions were collected for assay as previously described.
The appearance of the density gradients containing virus dialyzed at pH 10.5 or pH 7.2 (control virus) were strikingly different. Virus dialyzed at pH 7.2 banded in the characteristic sharply defined band with a mean bouyant density of 1.3349 to 1.3351 gm/cm 3. In striking contrast, no band developed in the centrifuged material which had been dialyzed at pH 10.5; instead, a small amount of viscous coagulated material was found in the bottom of the centrifuge tube. The results of infectivity and complement-fixation titrations done on each fraction are summarized graphically in Fig. 4 . It is apparent from these data FIO. 4. Effect of dialysis at pH 10.5 upon the infectivity and complement-fixing antigens of purified type 5 adenovirus. Purified (2 times CsCl-banded) virus was divided into two aliquots and dialyzed for 4 days at 4°C: one against 0.1 xr phosphate buffer at pH 7.2 and the other against 0.1 ~ carbonate-bicarbonate buffer at pH 10.5. Following this treatment a third equilibrium density gradient centrifugation was carried out with each sample. Two drop fractions were collected from each gradient, diluted with 1 ml of PBS, and tested for the presence of infectious virus and complement-fixing antigens. that dialysis of virus at pH 7.2 had no effect on virus infectivity or antigenicity, but prolonged dialysis at pH 10.5 resulted in a loss of detectable infectious virus. Furthermore, it is strlk;ng to note that after dialysis at pH 10.5 the complement-fixing antigens of the altered virus particles did not band in the density gradient at the bouyant density of virus particles but rather sedimented with a mean buoyant density identical with that characteristic of purified soluble antigens (i.e., 1.2832 gm/cm3). For purposes of comparison, samples of purified antigens were also dialyzed at pH 7.2 and 10.5 and similarly centrifuged and assayed. Prolonged dialysis at either pH did not alter the density or immunologic characteristics of the soluble antigens. It may be deduced from these data that the virus particles were dissociated into their component nucleic acid and protein moieties by dialysis at pH 10.5, and that the virus antigens were not altered by this procedure.
To investigate this phenomenon further, preparations of purified type 5 virus, propagated in the presence of C"-valine to label virus protein, or P~-orthophosphate to label DNA, was purified (2 times CsCl-banded). The isotopically labeled virus was disrupted at pH 10.5 and centrifuged in CsCI as following alkaline dialysis. Purified virus in which the DNA was labeled with P~ or the prorein with C14-valine was subjected to prolonged dialysis at pH 10.5 or 7.2. Each preparation was subjected to a final equilibrium density sedimentation gradient in CsCI. The fractions (2 drops), collected through the bottom of the tubes, were diluted with 1 ml of PBS and a sample of each dried and assayed for radioactivity. described above. Mter centrifugation the tubes were examined for the presence of bands, following which fractions were collected, dried, and counted to determine the distribution of the radioactive material. The results of a representative experiment are summarized diagrammatically in Fig. 5 ; the presence or absence of visible virus bands is correlated with the localization of radioactivity in the same tube. In the intact virus preparations, radioactivity, whether associated with nucleic acid (p3~) or protein (C14-valine), closely paralleled the position of the virus band visible in the gross. In contrast, it is apparent that dialysis at pH 10.5 did indeed dissociate the virus particles into DNA and protein components: P3~-labeled virus DNA, due to its comparatively high density, was sedimented to the bottom of the tube in the form of a viscous, coagulated material; most of the CZ4-1abeled, virus protein assumed a position in the gradient characteristic of the soluble, protein antigens. Intact virus, being comprised of both protein and nucleic acid, banded at an intermediate point between DNA and protein.
Antigenic Analysis of Protein Deri~ed from Disrupted Virus.--Inasmuch as the predominant antigenic component of the intact virus particle was shown to be the group-specific (L) antigen, the possibility was entertained that the type-specific (E) antigen was a minor surface antigenic component and, in addition, was present as an internal antigen detectable in significant amounts only after the virus particle was disassembled. Accordingly, purified type 5 * Titers are expressed as the reciprocal of the greatest dilution of antigen which produced complete fixation of 1.5 units of complement.
Anti-E-antiserum directed against the type-specific soluble antigen; Anti-L-antiserum directed against the group-specific antigen.
§ Banded 3 times by equilibrium density gradient sedimentation in CsC1. I] Purified virus (banded 3 times in CsC1 density gradient) disrupted by dialysis for 4 days at 4°C against 0.1 ~ carbonate-biocarbonate buffer at pH 10.5.
adenovirus was disrupted at pH 10.5 as described and submitted to a third cycle of equilibrium sedimentation in CsC1. Fractions were collected, diluted with 1 ml of PBS, and assayed by complement-fixation titrations to locate the samples containing virus protein. Those fractions containing complement-fixing antigens were further assayed for complement-fixing activity employing antisera prepared against highly purified E and L antigens of type 5 virus. The results of these titrations, presented in Table II , are compared with similar titrations made with intact purified virus. These data indicate that the relative proportion of E to L antigen in intact and disrupted virus was of the same order of magnitude, and that the type-specific E antigen was not present in detectable amounts as an internal antigen.
DISCUSSION
It has been postulated, mainly on the basis of indirect evidence ('3, 4) , that the group (L) and type-specific (E) soluble antigens found in adenovirus-infected cells represented virus-structural subunits produced in excess. The development of a technique to obtain highly purified adenovirus has made it possible to obtain direct evidence which confirms this interpretation. The data presented in this communication demonstrate that proteins antigenically identical with both the E and L soluble antigens are indeed an integral part of the virus particle. Antigenic analysis of purified virus indicates that the predominant virus protein corresponds to the (L) group-specific antigen, a protein characterized by its ability to react with antibody directed against any member of the adenovirus group. In contrast, the highly type-specific E antigen represents a minor component of the virus. There is no evidence that either of these antigens exists as an "internal protein." It seems almost paradoxical that the predominant surface antigen is the group-specific protein inasmuch as adenoviruses exhibit a high degree of type specificity as measured immunologically by neutralization titrations. It is important to note, however, that although antiserum prepared in rabbits in response to the injection of purified, soluble L antigen (free of type-specific E antigen or intact virus particles) is able to fix complement with crude adenovirus preparations of every type, this same serum neutralizes only type 5 virus in a type-specific reaction (11) . These data suggest that the L antigen may have two antigenic determinants, one specific and unique for a single adenovirus type stimulating synthesis of type-specific antibody, and one which elicits the production of a cross-reacting or group-specific antibody. Cross-adsorption studies utilizing highly purified E and L antigens and antigen-specific antisera support this hypothesis (11) .
It has been reported that the group-specific and type-specific soluble antigens were nucleoproteins, with DNA being the nucleic acid component (12) . The finding that the group-and type-specific antigens as well as the toxin had identical mean bouyant densities, 1.2832 gm/cm 3 ( Fig. 2 ) the density of a protein, implied that DNA was not an integral component of any of the antigens. In addition, reaction of each of the purified soluble antigens with DNAase did not reduce or alter their immunological reactivity (unpublished experiments). That the structural antigens of the virus particle do not contain DNA can be deduced also from the data summarized in Fig. 5 : purified virus in which the DNA was labeled with p8~ upon disruption yielded labeled DNA and antigens without isotope attached to them. The summation of these findings lead to the conclusion that the virus-specific antigens are protein devoid of attached DNA.
The investigation summarized in this communication establishes the antigenic relationship between virus structural proteins and certain of the soluble antigens. Evidence presented in the following paper demonstrates that subunits obtained by disruption of purified intact virus particles are morphologically identical with the soluble antigens (13).
SUMMARY
Type 5 adenovirus was purified by fluorocarbon (freon 113) treatment followed by banding in a CsC1 equilibrium density gradient. This method permitted separation of virus from normal host cell materials and vints-specific soluble antigens. Virus banded in CsC1 with a mean bouyant density of 1.3349 gm/cmL The three virus-specific soluble antigens (group-and type-specific antigens and toxin) banded together with a mean bouyant density of 1.2832 gm/cmL The group-specific antigen was the predominant antigen of the purified virus particle, whereas the group-and type-specific antigens were present in equal titers in the antigen band. Infectious virus particles were inactivated by prolonged dialysis at pH 10.5. Centrifugafion of inactivated virus preparations in a CsC1 equilibrium density gradient resulted in separation of virus DNA from specific antigen: the antigens banded with a mean bouyant density of 1.2832 gm/cm 8 and the DNA sedimented to the bottom of the tube. The predominant antigen derived from purified virus particles was the groupspecific antigen and it was in the same relative proportion to the type-specific antigen as measured in intact particles. The antigens derived from disrupted virus were immunologically identical with the soluble virus antigens present in infected cells.
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